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Abstract  

A numerical model of the Lower Columbia River, validated to water 

surface elevations, has been generated using the Adaptive Hydraulics 

(AdH) code. The model boundary conditions include an ocean tidal 

boundary and five inflows: the Lewis, Cowlitz, Willamette, and Sandy 

Rivers, and the Columbia River at Bonneville Lock and Dam. The model, 

which spans approximately 146 river miles, accurately reproduces water 

surface elevations measured in the field at several locations along the 

model domain. 

An examination of the AdH modelôs Friction Library was also conducted. 

The Friction Library was used in this application to estimate the effects of 

pile dikes. Rather than model individual piles in the model mesh, the piles 

were modeled using the Friction Libraryôs submerged vegetation material 

type. Through testing of this application, it was determined that the 

Friction Library approach, which enhances model run time and efficiency, 

can accurately reproduce the global effects of pile dike fields.  

Additionally, the validated model was used to analyze three sea level rise 

(SLR) scenarios, which correspond to predicted SLR at Astoria, OR, at 50, 

75, and 100 years from the present (0.5 meter [m], 1.0 m, and 1.5 m, 

respectively). 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 

Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 

All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 

be construed as an official Department of the Army position unless so designated by other authorized documents. 

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction  

1.1 Background 

Federally owned multipurpose dams on the Columbia River and its 

tributaries under the Federal Columbia River Power System (FCRPS) 

provide approximately 60% of the regionôs electric supply. Due to these 

hydroelectric generation activities, and to protect Endangered Species Act-

listed species, the National Marine Fisheries Service and the U.S. Fish and 

Wildlife Service issued a set of Biological Opinions in 2000. The U.S. Army 

Corps of Engineers (USACE), Portland District (NWP), manages its 

ecosystem and habitat restoration programs with the consideration of 

their contribution to the FCRPS Biological Opinion, measured by the 

Endangered Species Units. Restoration, habitat enhancement, and habitat 

creation efforts are ongoing within the Lower Columbia River basin and in 

the estuary to mitigate the effects of human activities since the 1870s. 

Most recently, the Columbia River Channel Improvement Project, which 

deepened the navigation channel from 12.2 meters (m) to 31.1 m below the 

Columbia River Datum, requires ecosystem restoration as part of the 

adaptive management plan.  

The NWP and the U.S. Army Engineer Research and Development Center 

(ERDC), Coastal and Hydraulics Lab (CHL), discussed the development of 

a regional tool that will be a platform to support a variety of NWP 

objectives and business lines, such as ecosystem restoration, as well as a 

variety of other stakeholder interests for the Lower Columbia River (LCR) 

system. It was determined that such a platform will provide an integrated 

framework that will evolve and inform decision makers of the complexities 

of the dominant forces and dynamic nature of the LCR. The proper tool 

will capture this complex and dynamic nature and provide meaningful 

output to both NWP and stakeholders interests.  

To provide such a tool, a large-scale Adaptive Hydraulics (AdH) model, 

including the Lower Columbia and Willamette Rivers, was recently 

developed at the ERDC-CHL Estuarine Engineering Branch under the 

System Wide Water Resource Program (SWWRP) and was developed 

further at the request of NWP. AdH is the USACE next-generation multi-
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dimensional, physics-based, hydrodynamic model code.1 Planned use of 

AdH provides a decision support system to conduct what-if analyses 

involving circulation, salinity, sediment transport, water quality, and 

ecology for project sites within Columbia River Estuary during the 

planning phase of eco-system and habitat restoration, and other related 

programs. 

1.2 Objective 

The primary objective of this study was to enhance the existing AdH model 

and associated mesh of the LCR Estuary and validate it to water surface 

elevations at four locations. Three sea level rise (SLR) scenarios were 

analyzed as well as an examination of the method in which AdH models 

pile dikes. Additionally, demonstration of module functionally for 

temperature, vessel movement, salinity, and sediment transport were 

included.  

1.3 Description of the site 

The Columbia River originates in British Columbia, Canada, and flows 

through Washington state before it reaches its confluence with the Pacific 

Ocean. The Columbia River watershed stretches across seven states and 

two Canadian provinces in the Pacific Northwest (Simenstad et al. 1990). 

Flow in the river is influenced by seasonal changes. Peak spring flows are 

approximately 14,000 cubic meters per second (cms) while fall flows are 

approximately 3,000 cms (Sherwood 1990). 

Tributaries into the Columbia River include the Snake River, Deschutes 

River, Lewis River, Cowlitz River, Sandy River, and Willamette River. The 

Willamette River is a major tributary of the Columbia River and 

contributes 12% to 15% of the total flow. 

The Columbia River Estuary, where, generally, salinity intrusion exists, is 

located in northwest Oregon and southwest Washington states, starting at 

the mouth near Astoria, Oregon, and extending inland to near the eastern 

tip of Puget Island at River Mile (RM) 46 (Fox 1984), though tidal effects 

are seen all the way to Bonneville Lock and Dam (L&D).  

                                                 
1 https://chl.erdc.dren.mil/adaptive-hydraulics/ ; https://chl.erdc.dren.mil/chladh  
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Figure 1-1. Columbia River Basin (USACE Northwestern Division). 

 

The Columbia River is a regulated waterbody with the most downstream 

lock and dam located at Bonneville. Below Bonneville, the river continues 

146 miles before it reaches open ocean. This region, a tidally influenced 

estuary, is referred to as the LCR and is the focus of this work.  

1.4 Approach 

The approach is addressed in Chapter 2 Model Development. 
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2 Model  Development  

The numerical code used in this work is the AdH model. The AdH code 

uses an unstructured mesh and is both spatially and temporally adaptive. 

AdH can solve 2-dimensional (2D) and 3-dimensional (3D) shallow water 

equations, 3D Navier-Stokes equations, and 3D groundwater equations.  

The 2D shallow water module of AdH was used for this work. Future work 

may expand this model with the application of the 3D shallow water 

module to examine salinity intrusion.2  

Initial mesh development and model execution were performed by the 

Estuarine Engineering Branch of the ERDC as a demonstration project for 

the USACE SWWRP during Fiscal Year 2010. After the demonstration 

project, the mesh was modified by CHL to add resolution and to meet the 

needs of NWP.  

The mesh was generated in the Surface-water Modeling System, a 

graphical user interface that was developed for visualization of model 

results and mesh generation (Aquaveo 2016).  

2.1 Model domain 

The model domain, which begins at Bonneville L&D near North 

Bonneville, WA, includes all 146 river miles of the LCR, and extends 

more than 30 km beyond the mouth of the river into the Pacific Ocean 

(Figure 2-1). The lateral extents include the wetted areas for the 

projected 100-year SLR (USACE 2009) as well as many islands in the 

LCR. The mesh contains 226,088 nodes and 433,187 elements and has 

five inflows: the Cowlitz, Lewis, Willamette, and Sandy Rivers, and the 

Bonneville L&D. 

                                                 
2 Interested readers are referred to the AdH websites (https://chl.erdc.dren.mil/adaptive-hydraulics and 

https://chl.erdc.dren.mil/chladh) for the Userõs Manual and to Savant et al. (2011) for technical 

details. 

https://chl.erdc.dren.mil/adaptive-hydraulics
https://chl.erdc.dren.mil/chladh
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Figure 2-1. Extents of model domain. 

 

The LCR is a tidal estuary with a tide range of approximately 2.06 m (6.77 

ft) (NOAA gauge 9439040 at Astoria). As the tidal wave propagates inland, 

its energy is damped, and freshwater inflows begin to dominate the 

system. At the inland boundary of the mesh domain, little tidal influence 

can be seen.  

Nodal mesh elevations were interpolated from the most current digital 

elevation model (DEM) available (1 December 2011). The DEM was 

developed by NWP and was generated using both multibeam and lidar 

data. The horizontal datum is North American Datum 1983 (NAD83), 

State Plane Oregon, North and the vertical datum is North American 

Vertical Datum 1988 (NAVD88) (meters). The elevation contours (in 

meters) are shown in Figure 2-2 where mean sea level is approximately 

1.4 m at Astoria. 
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Figure 2-2. LCR AdH mesh elevations (NAVD88, State Plane Oregon North, meters).  

 

The typical mesh resolution is on the order of 100 m while the tributaries, 

jetties, pile dikes, and smaller flow paths required a higher resolution 

(Figure 2-3). The ocean region beyond the mouth of the LCR was not an 

area of interest and thus was meshed at approximately 1000 m.  

Figure 2-3. LCR AdH mesh showing resolution and elevation contouring. 
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